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Method and apparatus for waste water treatment after polishing semiconductor wafers 



(54) 

(57) The present invention includes use of an elec- 
trolytically assisted coagulation step (8) in the separa- 
tion of fine particles of abrasive materials in suspension 
from spent slurry from a process (1) of polishing semi- 
conductor substrates, e.g. CMP. The coagulation step 
(8) may be optionally followed by flocculation. It has 
been determined experimentally that the method in 
accordance with the invention separates solids includ- 
ing metals in suspension from the slurry with a very high 



efficiency Further, large flows of spent slurry may be 
treated at high speeds. If large amounts of slurry have 
to be treated, separation of the solids may be performed 
by gravimetric separation (22). centrifuging or conven- 
tional chamber filters. A continuous process can be 
achieved as a double-batch or multi-batch process 
using two or more reactor cells in parallel. Apparatus 
(33) for carrying out the invention is also described. 




CO 

o 

iD 
CD 

o 

LU 



EP0 761 603 A1 



Description 

Rackorouprf Qf the invention 
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facturing semiconductor devices, e.g. integrated circuits, one of the process st^s "^^^^ ^^^e 

"^rCsaToTthe spent slurry after po.isf.ing is an environments problem ^^^^-^^^^'^Z^^. 
ventionally. Le obiec«ves sf.ouW be me. in a satisfactory ^'-ry dispc«a^sch^^^ XI fro^ "e 

slurry: neutralisation of oxidising or reducing agents in the spent slurry, and removal of suspenaea maie 

" ^''"r^^commercia.lyavailab.etechnipuefortreatingsuchfines.urri^^^^^^^^^^ 

-rsfctirTisr:^^^^^^^^^^ 

. "^^ MetSSs maKing use of a neutralisation step (neutralisation of be^re ren^a|d so^^^^^^ 

result in gel formation due to agglomeration and settlement of the soIkIs. Finely, components of the spent slurry can 
interfere with precipitation processes used to treat spent slurry ^ ^ ^ ctro- 

EP-A-0 605 882 describes a method and apparatus for wet treatment ^♦j*^^'^^!"/^?^ containing 
lysed in a tank which is partitioned by a porous membrane into an anode a^ca^hode J^^-^^J^^^^^^^^^^ 

.0 f esh H> ions is produced in the anode chamber and "''^Jl^^^^^^^ sel^S to w^^^^^^^^^ the 

anodic and ca.hodic water are c-iscj-^ed separate y ^r^^^^^^^^^ 

operations which avoid the problems with the prior known methods and ^PPa^tus^ , 

50 operations, in particular CMP. 

fi^^y^m^rynfthe invention 

The present invention providesamethod Of separa«nga.k,u«landfinepa^^^^^^ 
55 slurryfroLprocessofpolishingsemiconductorsubstrates.sa.dslurry.ncludingtt.eliquidandasolKlc^^^^^ 

at least some of the abrasive particles in suspension, comprising the the steps of. 

step 1: electrolytic coagulation of the solid content of said slurry, and 

step 2: separation of the coagulated solids from a recovered liquid part of the slurry. 
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In accordance with the invention at least one eletrolytically soluble electrode or electrolytlcally soluble intermediate 
electrode fray be used In the electrolytic coagulation step. 

The present Invention also provides an apparatus for separating a liquid and fine particles of abrasive materials 
from a spent slurry from a process of polishing semiconductor substrates, said slurry including the liqud and a solid 

5 content including some of the abrasive particles in suspension comprising: an electrolysis cell including at least one 
electrode or intermediate electrode having at least electrolytically soluble parts for electrolysing and for electrocoagu- 
lating said spent slurry, and a settling tani< for separating the coagulated solids from the slurry. 

The present invention includes use of an electrolytically assisted coagulation step in the separation of fine particles 
of abrasive materials from spent slurry from a process of polishing semiconductor substrates. e.g. CMP. The coagula- 

ro tion step may be optionally followed by flocculation. It has been determined experimentally that the method in accord- 
ance with the invention separates solids including metals in suspension from the slurry with a very high efficiency. 
Further large flows of spent slurry may be treated at high speeds. If large amounts of slurry have to be treated, sepa- 
ration of the solids may be performed by gravimetric separation, centrifuging or conventional chamber filters. A contin- 
uous process can be achieved as a double-batch or multi-batch process using two or more reactor cells in parallel. This 

»5 is possible because of the high speed of the coagulation step. 

Rripf riescription of the drawings 

Figure 1 shows a schematic diagram of a slurry treatment and water and/or abrasive recycling plant in accordance 
20 with the present invention; 

Figure 2 shows a schematic arrangement for batch processing in accordance with the present invention; 

Figure 3 shows a schematic diagram of a second embodiment of the present invention; and 

Figure 4 shows a graph of time versus current for an electrolysis cell reactor in accordance with the present inven- 
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tion. 

Description of the preferred embodiments 



In the following the present invention will be described with respect to certain specific embodiments. The invention 
is not limited thereto but only by the claims. Further, the present invention will be described mainly with reference to 
30 CMP using silica containing polishing liquids. The present invention is not limited thereto. In particular, other abrasive 
materials may be used as known to a person skilled in the art. 

Fig 1 shows a schematic diagram of a slurry treatment apparatus 33 in accordance with a first embodiment of the 
present invention. The necessary pumps, valves and gas extraction equipments are not shown. A CMP processing unit 

I uses a slurry including a liquid, in particular de-ionised water, containing abrasive/polishing particles such as very fine 
35 silica to polish objects, in particular semiconductive wafers such as silicon wafers. Spent slurry consists of a liquid 

phase and a solids content. The solids content includes the abrasive particles of the polishing slurry and abraded mate- 
rial in particulate form removed from the semiconductor wafer, which may include metal from wiring layers, insulating 
materials such as silicon nitride and doped semiconductor material. The spent slurry generally contains suspended 
matter and usually some of these particles are in colloidal suspension. The original polishing slurry may contain colloids 
40 and the polishing process rray act as a colloid mill to produce very fine particles in colloidal suspension from the sub- 
strate to be polished. A colloid normally contains particles less than 10 micron in diameter, and CMP slurries may have 
particle diameters less than 500 nm in colloidal suspension Mechanical filters are not able to filter out such particles. 
As the most common semiconductor wafer is made from silicon, the spent slurry usually contains some silica particles 

in colloidal suspension. . „ , ^ . h.,„ 

45 The spent slurry is discharged via conduit 2 into an electrolytic cell reactor 8. Cell reactor 8 includes at least two 
main electrodes 9. 10 connected to respective polarities of a DC generator (not shown). In one embodiment of the 
present invention the electrodes 9, 10 are non-soluble during electrolysis. The electrodes 9. 10 may be made of graph- 
ite or stainless steel. Located between the electrodes 9. 1 0 is at least one electrolytically soluble intermediate electrode 

I I 12 which is not connected to the DC generator. The at least one intermediate electrode 1 1 , 12 is placed between 
so the electrodes 9 10 and is influenced by the electric current flowing in the electrolytic cell reactor 8 between the elec- 
trode 9 and the electrode 10. The intermediate soluble electrode 1 1 . 12 is preferably made of aluminium. An electrolyt- 
ically soluble electrode means in accordance with this invention that the parts of the electrode surface dissolve into 
solution in the electrolytic cell reactor 8 due to the effect of the electric current influencing the electrode. 

In a preferred embodiment of the present invention at least a part of one of the main electrodes 9, 10 connected to 
55 the DC generator is electrolytically soluble, e.g. made of aluminium. In this case, intermediate electrodes 1 1 . 12 need 
not be provided. If intermediate electrodes 1 1 , 1 2 are used these may also be electrolytically soluble. 

To improve electrolysis an electrolysis aid may be added from a storage container 14 into the electrolysis cell reac- 
tor 8 via conduit 15. Suitable electrolysis aids may be an electrolyte such as ammonium chloride or alkali metal chlo- 
rides For instance, using aluminium electrodes 9. 10 for electrolysis, a maximum of 0.2% by weight of NH4 CI may be 
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added to the slurry. 



"Ture\'i'^?Ltematic diagram of a slurry treatment ar,d water and/or abrasive recycling plant 34 in accord- 

" ''*J^nXV=.u.r,«ar*.ed»m.a,«o,y.cee,.,aac»,»,Ca..-e,a^ 

lerred. For instance. 0.20 PPM of cationic flocculant may be added to the slurry in tank 1 7. If requ.red the slurry may 
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Stirred by Stirrer 18 



me Ir yZ be actively filtered by means of a filter 30 such as Whatmann No. 4 or equ.valent before me sd^24 a^e 

55 the CMP processing unit 1 . 
Example 

An amount of ammonium chloride representing 0.2% by weight was dissolved in 450 ml of a slurry having 67 
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^gime of suspended matter in water. The slurry was then placed in an ^'^'^I^^^J^^^ 

nr^ent invention having two flat aluminium electrodes 135 mm long. 44 mm wde and 1 .5 mm thick. The two etectrodes 
Z^XZ^Z^ Xmo the slurry and placed about 40 mm apart. 34 Volts was applied to the electrodes and 

Thee ^mt^^^^^^ 

1 to 0 o4 aScm^ at the end of electrolysis. The first precipitation occun-ed after 1 80 seconds. After 6 minutes me 
Tl^eJ^ocS^S "as stopped and the precipitate allowed to settle. The v«s ««^^^^^^ 
paper filter The remaining liquid was analysed and the results are given in table 1 . The cathode electrode was reducea 
in weight by 0.02 and the anode by 0.04 g by the electrocoagulation step. 



Table 1 



Component 


amount mg/1 


measurement 
tolerance, mg/1 


Dissolved Aluminium 


0.52 


0.005 


suspended matter 


10 


1 


NH4* 


none detected 




cr 


1360 


0.3 


Si02 


3.35 


0.3 



30 



35 



40 
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25 Claims 

1 Method of separating a liquid and fine particles of abrasive materials from a spent slurry from a process of polishing 
particles in suspension, comprising the steps of: 

step 1 electrolytic coagulation of the solid content of said slurry, and 
step 2; separation of the coagulated solids from a recovered liquid part of the slurry. 

2 Method according to claim 1 , wherem the electrocoagulation step includes using at least one electrode or interme- 
•diate electrode having at least a part thereof made from electrolytically soluble material. 

3. Method according to claims 1 or 2. wherein the separation step includes addition of a flocculant. 

4. Method according to claim 3. wherein the flocculant is a cationic flocculant. 

Method according to any of claims 2 to 4. wherein the electrolytically soluble electrode or intermediate electrode 
part is made of aluminium. 

6. Method according to any of the preceding claims, wherein the electrolytic coagulation step includes the addition of 

45 an electrolysis aid. 

7. Method according to claim 6. wherein said electrolysis aid is selected from a group including ammonium chloride, 
alkali metal chlorides and alkali earth metal chlorides. 

so 8. Method according to any of the preceding claims, wherein the recovered liquid is recycled to the polishing process. 

9. Method acco«Jing to any one of the preceding claims, wherein the temperature of the slurry is raised during the 
electrocoagulation step. 

55 10. Method according to any of the preceding claims, wherein the polishing process is CMP. 

1 1 . Method according to any of the preceding claims, wherein the solid content of the spent slurry includes solid parti- 
cles In colloidal suspension. 
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1? Aooaratus for separating a liquid and fine particles of abrasive materials from a spent slurry from a process of pol- 
particles in suspension, comprising: 

an electrolysis cell including at least one electrode or intermediate electrode having at least electrolytically sol- 
uble parts for electrolysing and for electrocoagulating said spent slurry, and 
a settling tank for separating the coagulated solids from the slurry 

13. Apparatus according to claim 12, wherein said at least one electrolytically soluble electrode part or electrolytically 
10 soluble intermediate electrode part is made of aluminium. 

14. Apparatus in accordance with any of the previous claims, further comprising means for adding a flocculant to the 

electrolysed spent slurry. 

,5 15. Apparatus acco«ling to any of the preceding claims, including means fa the addition of an electrolysis aid to the 

electrolysis cell. 

16. Apparatus according to any of the preceding claims, including means to recycle liquid recovered from the settling 
tank to the polishing process. 
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17 use of an electrolytically assisted coagulation step in the separation of fine particles of abrasive materials from 
spent slurry from a process of polishing semiconductor substrates such as CMP 
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